Incidence Echocardiography Rheumatic heart disease a b s t r a c t Background: Diseases of the heart valves constitute a major cause of cardiovascular morbidity and mortality worldwide with rheumatic heart disease (RHD) being the dominant form of valvular heart disease (VHD) in developing nations. The current study was undertaken at a tertiary care cardiac center with the objective of establishing the incidence and patterns of VHD by Echocardiography (Echo). Methods: Among the 136,098 first-time Echocardiograms performed between January 2010 and December 2012, an exclusion criterion of trivial and functional regurgitant lesions yielded a total of 13,289 cases of organic valvular heart disease as the study cohort.
Introduction
Diseases of the heart valves constitute a major cause of cardiovascular morbidity and mortality worldwide with an enormous burden on healthcare resources. Rheumatic heart disease (RHD) continues to be the dominant form of heart valve disease in developing nations. 1 The prevalence of RHD has greatly decreased in developed nations; however, increasing life expectancy and atherosclerotic risk factors have increased the risk of acquiring age-related degenerative valvular heart disease (VHD). Although the patterns of valve disease differ among these nations, the burden of valvular heart disease continues unabated across the globe. With RHD affecting predominantly the young population in their productive years, the socio-economic impact on the society is enormous. Little data exists on the prevalence of valvular heart disease as studied by Echocardiography (Echo), although several autopsy 2e4 and surgical pathology 5e8 series form a rich source of literature on the patterns of valvular heart disease. The current study was undertaken to establish the incidence and patterns of heart valve disease as studied by Echo. While pathological examination of valves obtained at surgery or autopsy remains the gold standard in morphological analysis, with the current advances in techniques, comparable information on the anatomy and hemodynamic effects of valve disease can be obtained by Echo.
Methods
The current study was undertaken at Sri Jayadeva Institute of Cardiovascular Sciences and Research, a tertiary care high-volume cardiac center located at Bangalore, South India, where more than 100,000 Echocardiograms are performed annually. All the Echocardiograms done over a period of 3 years from January 2010 through December 2012 were analyzed for the present study. Among the 409,468 Echocardiograms performed during the period, only the first-time Echo of each patient was included for the study to avoid repetition bias. Hence, a total of 136,098 discrete Echo reports were available for inclusion. From the total database of 60,535 cases for any valvular heart disease, the following were excluded from the study: trivial, functional or unspecified mechanisms of mitral regurgitation (MR), trivial to mild aortic regurgitation (AR) due to sclerotic aortic valve or unspecified causes and trivial or functional tricuspid regurgitation (TR), with the remaining 13,289 cases of organic valvular heart disease forming the study cohort for the present analysis ( Fig. 1 ). Trace to small degrees of MR and TR can be detected in up to 80e90% of individuals on careful Doppler Echo and can confound the estimates of disease prevalence. 9,10 Also, the study was designed to determine the patterns of primary or organic valve disease; hence trivial, functional or insignificant regurgitation was excluded from the analysis to avoid erroneous estimates that can be produced by these large numbers of insignificant lesions.
Results
The Echocardiograms were analyzed in two parts: all the isolated valve lesions were analyzed first followed by various combinations of valve lesions. The data is presented in tables and charts. Data is expressed in numbers, percentages and ratios. An overview of the patterns of valve disease is presented in Fig. 2 . Mitral valve was the most common involved valve in the rheumatic group, seen in 60.2% of the cases. Another 24.5% of cases had involvement of aortic valve as well, making the overall involvement of mitral valve in RHD to be 84.7%. When the overall cohort was considered, the corresponding figures were 54.4%, 18% and 72.4% respectively; thus making mitral the most common involved valve in VHD. Among patients with isolated mitral valve involvement, pure mitral stenosis (MS) was the dominant lesion (37.1%). Another 35.7% of cases had MR in addition to MS; thus, MS was seen in a total of 72.8% of patients with isolated rheumatic mitral valve disease with the remaining patients having pure MR (27.2%). Aortic valve (AV) was involved in 29.1% of cases making it the second most common valve to be involved in RHD; most cases had associated mitral valve involvement. Isolated involvement of AV was rare in the rheumatic group. In the overall cohort, aortic valve was involved in 35.8% of patients. Next most common to be involved was Tricuspid valve (10.7% and 9.7% of rheumatic and overall cohorts respectively). Most of the lesions were TR (10.4%). Tricuspid stenosis (TS) was rare (0.3%). Pulmonary was the least common valve to be involved in RHD (0.04%); all cases had associated MS.
Isolated MS
The distribution of cases according to etiology and gender is shown in Table 1 . Age-and Sex-wise distribution of rheumatic MS cases is shown in Fig. 3 . A steady increase in the incidence of rheumatic MS can be seen with each decade with a peak occurring at 30e39 years. This trend was seen in both female and male patients. Nearly two-thirds (65.9%) of MS patients were females. Interestingly, MS was seen as an isolated lesion even in elderly patients (60 years).
Severity of MS
At presentation, most patients (47.2%) were found to have severe MS, defined as a mitral valve orifice area (MVOA) 1.0 cm 2 ; moderate (MVOA 1.0e1.5 cm 2 ) and mild MS (MVOA >1.5 cm 2 ) were nearly equal in frequency (27.6% and 25.2% respectively) ( Fig. 4 ).
Pulmonary hypertension
The distribution of cases with pulmonary hypertension is shown in Fig. 5 . Pulmonary hypertension was identified in more than half of isolated MS cases (57.6%). More than twothirds (68.9%) of patients in whom pulmonary hypertension was diagnosed were women. It can be seen from the figure that the incidence of pulmonary hypertension was in proportion to the severity of MS (10.4% of mild MS, 27.9% of moderate MS, and 61.7% of severe MS respectively).
Isolated MR
MR occurred as an isolated lesion in 25.6% of all the cases making it the most common isolated valve lesion. The predominant form of MR was rheumatic (41.1%) followed closely by myxomatous or mitral valve prolapse (40.8%) ( Fig. 6 ). Isolated MR was seen more often in females in all the three categories of disease. In the rheumatic group, peak incidence of MR was in the second decade (28.8%) which was in contrast to MS, where peak incidence was in the fourth decade (27.9%).
A bimodal peak was seen in the incidence of MR due to mitral valve prolapse (MVP). First peak was in the second decade (18.8%) and the second in older adult life (fifth decade; 15.9%).
Isolated aortic stenosis (AS)
Isolated AS was the third most common valve lesion among the 13,289 cases (7.3%). The age and etiology-wise distribution of cases is shown in Fig. 7 . Degenerative calcification was the commonest cause of isolated AS (65.0%) followed by bicuspid aortic valve (BAV) (33.9%). RHD contributed a minority of cases to this valve lesion (1.1%). Associations of bicuspid AS i n d i a n h e a r t j o u r n a l 6 6 ( 2 0 1 4 ) 3 2 0 e3 2 6
included Coarctation of Aorta, supravalvular AS, supramitral ring and hypoplastic arch/left ventricle. It was interesting to note that isolated AS was more common in males in all the three groups (male:female ratio 1.5e2.1:1, overall ratio being 1.7:1).
Isolated aortic regurgitation
Isolated AR was seen in 774 cases (5.8%) making it the fourth most common lesion. Etiology and Sex-specific distribution of cases is shown in Fig. 8 . As can be seen in the diagram, RHD was the commonest cause of isolated AR in the present study followed by bicuspid aortic valve and AR associated with other congenital heart diseases, which included Tetralogy of Fallot, ventricular septal defect, patent ductus arteriosus and complete transposition of great arteries.
Mutivalvular disease
Multiple valves were involved in more than a third of all cases (36.8%). The anatomic and hemodynamic combinations of lesions were analyzed systematically. The results are as summarized in Fig. 9 and Table 2 . Overall, the combination of MS and MR (MS þ MR) was the commonest followed by the combination of MS and AR (MS þ AR). The least common lesion combination was that of MS and AS (MS þ AS). Multivalvular disease was seen more often in females in a ratio of 1.2:1. It was also observed that lesion combinations involving MS were commoner in females while all AS involving combinations were more common in males. In Rheumatic heart disease, the combinations were in the following order of involvement:
Organic tricuspid valve disease
Since tricuspid valve disease was found most often in combination with other valve disease, especially mitral, the patterns of involvement of tricuspid valve were analyzed separately. Overall, 9.7% of cases had organic involvement of tricuspid valve.
Tricuspid stenosis
Tricuspid stenosis (TS) is a rare lesion (0.3% of all valvular lesions) occurring predominantly in association with mitral stenosis. More than 90% of the cases were seen in RHD. The patterns of involvement are shown in Table 3 .
Tricuspid regurgitation
Tricuspid regurgitation due to primary involvement of the tricuspid valve constituted only a minority of the total number of TR cases (4.7%) which includes functional as well as physiological TR seen across various spectra of heart diseases. The most common cause was RHD (70.2%). Females were more likely to have TR in all the etiological groups. All cases of tricuspid valve prolapse (TVP) were seen in patients who had mitral valve prolapse. Conversely, 6% of MVP cases had associated TVP. The distribution of TR cases is shown in Fig. 10 .
Pulmonary valve
Three cases of pulmonary stenosis were seen in rheumatic heart disease group. All 3 cases had associated MS. One patient had combined stenosis of mitral, tricuspid and pulmonary valves.
Discussion
The present study was undertaken in a tertiary care highvolume cardiac center in South India with the objective of systematically analyzing the large volume of echocardiographic data on valvular heart disease that is stored in the Echo laboratory. To the best of our knowledge, this is the largest study of echocardiographic patterns of valvular heart disease done in a single center. Echo now plays the dominant role in the evaluation of the anatomic and hemodynamic effects of valve lesions. This has almost obviated the need for invasive cardiac catheterization in the management of valvular heart disease. Echo is now the single most important modality of investigation in the diagnosis, management and follow up of patients with valvular heart disease. The superiority of Echo over clinical examination in identifying subclinical rheumatic heart disease has been conclusively shown in various school surveys done across India. 11, 12 This may result in more children receiving secondary prophylaxis for rheumatic fever thus reducing the burden of established rheumatic heart disease. Rheumatic heart disease contributed the most to the burden of valvular heart disease (64.3%) in the present study. RHD continues to affect millions of children and young adults in the Indian subcontinent with prevalence rates varying from 4.54 to 6 per 1000 13, 14 with estimates as high as 51 per 1000 in some studies, 11 although some recent large series of school surveys have shown a decline in the prevalence of RHD (0.5e0.68 per 1000). 15, 16 Our results are in contrast to another echocardiographic study of valvular heart disease, the Euro Heart Survey, 17 a multicenter study involving 5001 patients i n d i a n h e a r t j o u r n a l 6 6 ( 2 0 1 4 ) 3 2 0 e3 2 6 from 92 centers in 25 European countries. The most common lesions were AS and MR, mostly of degenerative etiology. This difference conforms to the differing prevalence of valve disease among the developed and the developing nations. The order of involvement of valve lesions in RHD in the current study was mitral, aortic, tricuspid and pulmonary. This reflects the pathological involvement of the cardiac valves in acute rheumatic fever with mitral being the most common and pulmonary, the least. 18 Mitral stenosis was almost exclusively of rheumatic etiology (97.4%) in the current study. Surgical pathologic series show rheumatic involvement in almost 99% of excised stenotic valves 5, 19 similar to the results of the large necropsy series of Roberts WC (100%). 2 Congenital MS, seen in <1% of cases is rare in adults, given that the median age at death is only 2 months. 20 Degenerative calcification of the mitral annulus often causes MR, but rarely can cause stenosis of the mitral valve in <3% of cases. 21 MR was the most common isolated valve lesion. Rheumatic involvement constituted the dominant cause followed closely by myxomatous or mitral valve prolapse, similar to the surgical series of Olson 5 (31% and 38% respectively) and Duren 7 (40% and 33% respectively). The peak incidence of rheumatic MR was two decades earlier than that of MS. This is explained by the fact that a long latent period following the acute attack of rheumatic fever generally exists before the stenotic mitral lesion manifests clinically. 22 In the present study, MR was much more common than MS in the pediatric age group (<19 years) whereas in adults 20 years, MS was twice as common as MR.
Calcific degeneration was the predominant etiology of isolated aortic stenosis whereas rheumatic etiology dominated the isolated AR cases. In three surgical series from 1965 through 1990, 23e25 a changing pattern of aortic stenosis pathology can be noted, with degenerative disease now being the most common cause of AS. RHD was the commonest cause of isolated AR in the older surgical series of Mayo clinic, 26 but in the recent series, 25 aortic dilatation and/or degenerative valve changes were responsible for half the cases.
Bicuspid aortic valve was well represented in the present study. Out of 547 cases, 357 (65.3%) had pure AS, 120 cases (21.9%) had pure AR and the rest had combined AS and AR (12.8%). This is comparable to the natural history autopsy series of 85 cases by Roberts. 3 72% of bicuspid valves had developed stenosis while 13% had pure AR in that study.
Anatomic or hemodynamic combinations of lesions (multivalvular disease) were fairly common in this study occurring in more than a third of cases. An important observation of our study was the differing incidence of mitral and aortic valve combinations in the pediatric (19 years) and adult (20 years) age groups. While MR þ AR was commoner than MS þ AR in the pediatric age group, the reverse was true in the adult age group reflecting the natural progression of valve lesions following an attack of acute rheumatic fever. In a study of 100 cases of combined aortic and mitral valve replacement, Melvin found that MR þ AR was the most common combination of rheumatic valvular lesions. 27 In a series of 150 patients with combined aortic and mitral valve disease, only 10 patients (6.7%) were found to have essentially pure AS and MS 28 ; we found a slightly lower incidence of 4.2% for this combination in a similar analysis.
The commonest etiology of TS was RHD and was almost exclusively seen in association with MS. In the necropsy series of Roberts and Virmani, 4 though 12% of cases had some pathological involvement of tricuspid valve, stenosis of the valve was seen in only 2% and was seen only when associated MS and AS were present. In a surgical pathology series of tricuspid valve disease, RHD was the commonest cause of pure TR followed by Ebstein's anomaly (41 and 14% respectively) 8 ; the corresponding figures in our study were 70.2 and 15.4%.
5.
Limitations of the study a. The present study is not a population based study and hence subject to several biases inherent in such studies. For example, symptomatic lesions are more likely to be represented in a study based in a tertiary referral center. b. There may be a bias towards the severity patterns of lesions as patients with more severe lesions likely to be overrepresented in studies conducted in tertiary care referral centers. c. Although strict morphologic and clinical criteria were used to ascribe etiology to a particular valve lesion, an Echo based study has inherent limitations in comparison to surgical or autopsy based studies.
Conclusions
RHD contributed most to the burden of VHD in the present study with calcific degeneration, myxomatous disease and BAV being the other major forms of VHD. Multiple valves were affected in more than a third of all cases. The current study, done in a high volume tertiary care cardiac center, is the largest of its kind and can be thought to reflect the current incidence and patterns of valvular heart disease. Although recent school surveys in India continue to demonstrate a declining trend in the prevalence of RHD, rheumatic involvement is still the dominant form of valvular heart disease in India. The patterns described correlate well with the surgical and autopsy series described over several decades. This was a comprehensive evaluation of valvular heart disease across all the age groups and gender and hence an understanding of i n d i a n h e a r t j o u r n a l 6 6 ( 2 0 1 4 ) 3 2 0 e3 2 6 natural history can be retrospectively inferred. With the advances in techniques and increasing experience of the operators, Echo has nearly obviated the need for invasive cardiac catheterization for the anatomic and hemodynamic assessment of valve lesions. Echocardiography is now the single most important modality of evaluation for the management of patients with valvular heart disease.
